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What is claimed is: 

5 1 . An in vitro system for use in identifying a modulator of neural differentiation, 

comprising: 

(a) a collection of embryonic stem cells; 

(b) a rostralizing or caudalizing embryonic signalling factor; and 

(c) optionally, a dorsalizing or ventralizing embryonic signalling factor. 

10 

2. The system of claim 1, wherein the embryonic stem cells are murine 
embryonic stem cells. 

3. The system of claim 1, wherein the embryonic stem cells are human 
1 5 embryonic stem cells. 

4. The system of claim 1, wherein the rostralizing embryonic signalling factor is 
a retinoid or Wnt. 

20 5. The system of claim 1, wherein the caudalizing embryonic signalling factor is 

a retinoid or Wnt. 

6. The system of claim 1, wherein the dorsalizing embryonic signalling factor is 
a BMP or Wnt. 

25 

7. The system of claim 1, wherein the ventralizing embryonic signalling factor is 
an activator of a hedgehog signalling pathway. 

8. The system of claim 7, wherein the activator of a hedgehog signalling pathway 
30 is a hedgehog protein or an agonist of hedgehog signalling. 



9. The system of claim 7, wherein the activator of a hedgehog signalling pathway 
is DHh, IHh, SHh, or Hh-Agl.3. 
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10. The system of claim 1, further comprising at least one neurotrophic factor. 



1 1 . The system of claim 1, further comprising at least one conditioned medium. 



5 



12. 



The system of claim 11, wherein the at least one conditioned medium is 



Wnt3a conditioned medium and/or mFrz8CRD conditioned medium. 



13. 



A modulator identified by the system of claim 1 . 



10 



14. 



A method for identifying a modulator of neural differentiation, comprising the 



steps of: 



(a) contacting the in vitro system of claim 1 with a candidate modulator; and 

(b) determining if the candidate modulator has an effect on neural differentiation 
of the embryonic stem cells. 



15. A modulator identified by the method of claim 14. 

16. An in vitro system for use in identifying a modulator of neural differentiation, 
comprising a collection of embryonic stem cells that has been contacted with: 



collection of neural progenitor cells; and 

(b) optionally, a dorsalizing or ventralizing embryonic signalling factor. 

17. The system of claim 16, wherein the embryonic stem cells are murine 
25 embryonic stem cells. 

18. The system of claim 16, wherein the embryonic stem cells are human 
embryonic stem cells. 

30 19. The system of claim 16, wherein the neural progenitor cells are selected from 

the group consisting of progenitor cells of DRG neurons, progenitor cells of motor neurons, 
progenitor cells of peripheral neurons, progenitor cells of spinal cord neurons, and progenitor 
cells of ventral interneurons. 



15 



20 



(a) 



a rostralizing or caudalizing embryonic signalling factor, to produce a 
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20. The system of claim 16, wherein the neural progenitor cells differentiate into 
repositioned neural progenitor cells or fully-differentiated neural cells. 

21 . The system of claim 20, wherein the fully-differentiated neural cells are motor 
neurons. 



22. The system of claim 21, wherein the motor neurons are post-mitotic. 

23. The system of claim 2 1 , wherein the motor neurons are spinal motor neurons. 

24. The system of claim 16, further comprising at least one conditioned medium. 

25. The system of claim 24, wherein the at least one conditioned medium is 
Wnt3a conditioned medium and/or mFrz8CRD conditioned medium. 



26. The system of claim 16, further comprising at least one neurotrophic factor. 



27. A modulator identified by the system of claim 16. 



28. A method for identifying a modulator of neural differentiation, comprising the 
steps of: 

(a) contacting the in vitro system of claim 1 6 with a candidate modulator; and 

(b) determining if the candidate modulator has an effect on neural differentiation 
of the neural progenitor cells. 



29. A modulator identified by the method of claim 28. 



30. A method for identifying a modulator of neural differentiation, comprising the 
steps of: 

(a) obtaining or generating a collection of embryonic stem cells; 

(b) contacting the embryonic stem cells simultaneously with a rostralizing or 
caudalizing embryonic signalling factor and a dorsalizing or ventralizing embryonic 
signalling factor, in the presence of a candidate modulator; and 
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(c) determining if the candidate modulator modulates neural differentiation of the 
embryonic stem cells. 

3 1 . The method of claim 30, wherein the embryonic stem cells are murine 
5 embryonic stem cells. 

32. The method of claim 30, wherein the embryonic stem cells are human 
embryonic stem cells. 

10 33. The method of claim 30, wherein the determination in step (c) is made by 

comparing neural differentiation of the embryonic stem cells in step (b) with neural 
differentiation of a second collection of embryonic stem cells that have been contacted with a 
rostralizing or caudalizing embryonic signalling factor, and a dorsalizing or ventralizing 
embryonic signalling factor, in the absence of the candidate modulator. 

15 

34. The method of claim 30, further comprising the step of contacting the 
embryonic stem cells in step (b) with at least one neurotrophic factor. 

35. The method of claim 30, further comprising the step of contacting the 
20 embryonic stem cells in step (b) with at least one conditioned medium. 

36. The method of claim 30, wherein the embryonic stem cells in step (b) are 
contacted with the rostralizing or caudalizing embryonic signalling factor prior to contact 
with the dorsalizing or ventralizing embryonic signalling factor. 

25 

37. A modulator identified by the method of claim 30. 

38. A method for identifying a modulator of neural differentiation, comprising the 
steps of: 

30 (a) obtaining or generating a first collection of embryonic stem cells and a second 

collection of embryonic stem cells; 

(b) contacting the first collection of embryonic stem cells with a rostralizing or 
caudalizing embryonic signalling factor and a dorsalizing or ventralizing embryonic 
signalling factor, in the presence of a candidate modulator; 
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(c) contacting the second collection of embryonic stem cells with a rostralizing or 
caudalizing embryonic signalling factor and a dorsalizing or ventralizing embryonic 
signalling factor, in the absence of the candidate modulator; and 

(d) determining if the candidate modulator in step (b) modulates neural 

5 differentiation of embryonic stem cells by comparing neural differentiation of the embryonic 
stem cells in step (b) with neural differentiation of the embryonic stem cells in step (c). 

39. A modulator identified by the method of claim 38. 

10 40. A method for identifying a modulator of neural differentiation, comprising the 

steps of: 

(a) obtaining or generating a collection of embryonic stem cells; 

(b) contacting the collection of embryonic stem cells with an amount of a 
rostralizing or caudalizing embryonic signalling factor effective to produce neural progenitor 

15 cells; 

(c) contacting the neural progenitor cells with a dorsalizing or ventralizing 
embryonic signalling factor, in the presence of a candidate modulator; and 

(d) determining if the candidate modulator modulates neural differentiation of the 
embryonic stem cells. 



20 



41 . The method of claim 40, wherein the embryonic stem cells differentiate into 
fully-differentiated neural cells. 



42. The method of claim 4 1 , wherein the fully-differentiated neural cells are 
25 selected from the group consisting of astrocytes, neurons, oligodendrocytes, and Schwann 
cells. 



43. A method for identifying a modulator of a Wnt signalling pathway, 
comprising the steps of: 
30 (a) obtaining or generating a first collection of cells selected from the group 

consisting of embryonic stem cells, embryoid bodies, and neural progenitor cells; 

(b) obtaining or generating a second collection of cells selected from the same 
group as the cells selected in step (a); 
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(c) contacting the first collection of cells with a candidate modulator, in the 
presence of an activator of a Wnt signalling pathway; 

(d) contacting the second collection of cells with an activator of a Wnt signalling 
pathway; and 

5 (e) determining if the candidate modulator in step (b) modulates neural 

differentiation by comparing neural differentiation of the cells in step (b) with neural 
differentiation of the cells in step (c), wherein modulation of neural differentiation is 
indicative of modulation of a Wnt signalling pathway. 

10 44. The method of claim 43, wherein the embryonic stem cells are selected from 

the group consisting of murine embryonic stem cells and human embryonic stem cells. 

45. The method of claim 43, wherein the neural progenitor cells in step (a) and 
step (b) are generated from embryonic stem cells. 

15 

46. The method of claim 43, wherein the cells in step (a) and step (b) are neural 
progenitor cells of a forebrain/midbrain character, and wherein the cells in step (a) 
differentiate into repositioned neural progenitor cells of a caudalized character. 

20 47. The method of claim 43, wherein the cells in step (a) differentiate into 

repositioned neural progenitor cells or fully-differentiated neural cells. 

48. The method of claim 47, wherein the fully-differentiated neural cells are motor 
neurons. 

25 

49. The method of claim 43, wherein the candidate modulator enhances neural 
differentiation. 

50. The method of claim 43, wherein the activator of a Wnt signalling pathway is 
30 selected from the group consisting of AES (TLE/groucho), adenomatous polyposis coli 

(APC), ARHU, ARHV, AXIN1, AXIN2, B-catenin, BMP4, BTRC (b-TrCP), CCND1, 
CCND2, CCND3, CD44, CDX1, CLDN1 (claudin-1), COL1A1, CTBP1, CTBP2, CTNNB1, 
CTNNBIP1 (ICAT), DKK1, DKK2, DKK3, DKK4, Dsh, DVL2, EGR1, EFNB1 (ephrinBl), 
ENPP2 (autotaxin), EP300, FBXW1B, FGF4, FOSL1 (Fra-1), FRAT1, FRAT2, FRZB (FRP- 
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3), FST (follistatin), FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, FZD10, 
GAS (gastrin), GIPC2, GIPC3, GJA1 (connexin43), GSK3A, glycogen synthase kinase-38 
(GSK-3G), ICAM1, ID2, ID3, JUN, LEF1, LRP5, LRP6, MFRP, MMP7, MMP26, MSX1, 
MSX2, MYC, NKD1, NKD2, NOS2A (iNOS), PITX2, PLAUR (uPAR), serine/threonine 
5 protein phosphatase 2A (PP2A), PPN, PPP2R5D (B56 PP2A), PTGS2 (Cox-2), RET, SFRP2 
(FRP-2), SFRP4 (FRP-4), SMOH, SOX17, T (brachyury), TCF, VANGL1, VEGF, WIF1, 
WISP1, WISP2, WISP3, a Wnt protein, a Wnt receptor, and any analogue or homologue 
thereof. 

51. A method for identifying a modulator of neural differentiation, comprising the 
steps of: 

(a) obtaining or generating a first collection of cells selected from the group 
consisting of embryonic stem cells, embryoid bodies, and neural progenitor cells; 

(b) obtaining or generating a second collection of cells selected from the same 
group as the cells selected in step (a); 

(c) contacting the first collection of cells with a candidate modulator, in the 
presence of an activator of a Wnt signalling pathway; 

(d) contacting the second collection of cells with an activator of a Wnt signalling 
pathway; and 

(e) determining if the candidate modulator in step (b) modulates neural 
differentiation by comparing neural differentiation of the cells in step (b) with neural 
differentiation of the cells in step (c). 

52. A method for identifying a modulator of Wnt-dependent neural differentiation, 
25 comprising the steps of: 

(a) obtaining or generating a collection of cells selected from the group consisting 
of embryonic stem cells, embryoid bodies, and neural progenitor cells; 

(b) contacting the collection of cells with a candidate modulator; and 

(c) determining if the candidate modulator modulates Wnt-dependent neural 
30 differentiation of the cells in the collection. 

53. The method of claim 52, wherein the collection of cells in step (b) is further 
contacted with the candidate modulator in the presence of an activator of a Wnt signalling 
pathway. 



10 



15 



20 
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54. A method for identifying a modulator of a BMP signalling pathway, 
comprising the steps of: 

(a) obtaining or generating a first collection of cells selected from the group 
consisting of embryonic stem cells, embryoid bodies, and neural progenitor cells; 
5 (b) obtaining or generating a second collection of cells selected from the same 

group as the cells selected in step (a); 

(c) contacting the first collection of cells with a candidate modulator, in the 
presence of an activator of a BMP signalling pathway; 

(d) contacting the second collection of cells with an activator of a BMP signalling 
1 0 pathway; and 

(e) determining if the candidate modulator in step (b) modulates neural 
differentiation by comparing neural differentiation of the cells in step (b) with neural 
differentiation of the cells in step (c), wherein modulation of neural differentiation is 
indicative of modulation of a BMP signalling pathway. 

15 

55. The method of claim 54, wherein the embryonic stem cells are selected from 
the group consisting of murine embryonic stem cells and human embryonic stem cells. 



56. The method of claim 54, wherein the cells in step (a) and step (b) are neural 
20 progenitor cells, and wherein the cells in step (a) differentiate into dorsal spinal motor 
neurons. 



57. The method of claim 56, wherein the neural progenitor cells in step (a) and 
step (b) are generated from embryonic stem cells. 

25 

58. The method of claim 54, wherein the cells in step (a) differentiate into 
repositioned neural progenitor cells or fully-differentiated neural cells. 



59. The method of claim 58, wherein the fully-differentiated neural cells are motor 
30 neurons. 



60. The method of claim 54, wherein the candidate modulator enhances neural 
differentiation. 
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6 1 . The method of claim 54, wherein the candidate modulator modulates the 
BMP4 signalling pathway and inhibits neural differentiation. 

62. The method of claim 54, wherein the activator of a BMP signalling pathway is 
5 selected from the group consisting of activin, ActRII, ActRIIB, ACVR1 (ALK2), ACVR1B 

(ALK4), ACVR2, ACVR2B, ACVRL1 (ALK1), ADMP, ALK5, ALK7, ALK8, AMH, 
AMHR2, BAMBI, BGLAP (osteocalcin), a BMP protein, BMPR1 A (ALK3), BMPR1B 
(ALK6), BMPRII, BMPR2, CDC25A, CDKN1A ( P 21Wafl/p21Cipl), CDKN2B 
( P 15Ink2b), CER1 (cerberus), CHRD (chordin), CKTSF1B1 (gremlin), COL1 Al, COL1 A2, 

10 COL3A1, DLX2, EBAF (leftyA), ENG (endoglin), EVI1 (Evi-1), Fasti, FKBP1B, FOS, FST 
(follistatin), gata, GDF1, GDF2 (BMP9), GDF3 (Vgr-2), GDF5 (CDMP-1), GDF6, GDF8, 
GDF9, GDF10, GDF1 1 (BMP1 1), goosecoid, ID1, ID2, ID3, ID4, IGF1, IGFBP3, IL6, 
INHA (inhibin a), INHBA (inhibin BA), INHBB (inhibin BB), INHBC (inhibin BC), ITGB5 
(integrin b5), ITGB7 (integrin b7), IVL (involucrin), JUN, JUNB, LEFTB (leftyB), MADH1 

1 5 (smadl), MADH2 (smad2), MADH3 (smad3), MADH4 (smad4), MADH5 (smad5), 

MADH6 (smad6), MADH7 (smad7), MADH9 (smad9), Msx, MYC, NBL1 (DAN), NMA, 
nodal, nodal-related Vgl, noggin, OAZ, PDGFB, PLAU (uPA), RUNX1 (AML1), RUNX2, 
SANE, SERPINE1 (PAI-1), Ski, smad4b (smadlO), smad8, Smurfl, Smurf2, SNC73 (IgA), 
Snow, somitabun, SOX4, STAT1, TAB1, TAK1, TpRII, TCF8 (AREB6), TDGF1, TGFp, 

20 TGFBR2, TGFBR1 (ALK5), TGFBR3, TGFB1I1, TGIF, TIMP1, tob, tolloid/mini-fin, 

TSC22, TSG, Twsgl (twisted gastrulation homolog 1), Vent, XIAP, Xngnr SoxD, Xnr3, and 
any analogue or homologue thereof. 

63. A method for identifying a modulator of neural differentiation, comprising the 
25 steps of: 

(a) obtaining or generating a first collection of cells selected from the group 
consisting of embryonic stem cells, embryoid bodies, and neural progenitor cells; 

(b) obtaining or generating a second collection of cells selected from the same 
group as the cells selected in step (a); 

30 (c) contacting the first collection of cells with a candidate modulator, in the 

presence of an activator of a BMP signalling pathway; 

(d) contacting the second collection of cells with an activator of a BMP signalling 
pathway; and 
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(e) determining if the candidate modulator in step (b) modulates neural 
differentiation by comparing neural differentiation of the cells in step (b) with neural 
differentiation of the cells in step (c). 

64. A method for identifying a modulator of BMP-dependent neural 
differentiation, comprising the steps of: 

(a) obtaining or generating a collection of cells selected from the group consisting 
of embryonic stem cells, embryoid bodies, and neural progenitor cells; 

(b) contacting the collection of cells with a candidate modulator; and 

(c) determining if the candidate modulator modulates BMP-dependent neural- 
differentiation of the cells in the collection. 

65. The method of claim 64, wherein the collection of cells in step (b) is further 
contacted with the candidate modulator in the presence of an activator of a BMP signalling 
pathway. 

66. A method for identifying a modulator of a Hh signalling pathway, comprising 
the steps of: 

(a) obtaining or generating a first collection of cells selected from the group 
consisting of embryonic stem cells, embryoid bodies, and neural progenitor cells; 

(b) obtaining or generating a second collection of cells selected from the same 
group as the cells selected in step (a); 

(c) contacting the first collection of cells with a candidate modulator, in the 
presence of an activator of a Hh signalling pathway; 

(d) contacting the second collection of cells with an activator of a Hh signalling 
pathway; and 

(e) determining if the candidate modulator in step (b) modulates neural 
differentiation by comparing neural differentiation of the cells in step (b) with neural 
differentiation of the cells in step (c), wherein modulation of neural differentiation is 
indicative of modulation of a Hh signalling pathway. 

67. The method of claim 66, wherein the embryonic stem cells are selected from 
the group consisting of murine embryonic stem cells and human embryonic stem cells. 
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68. The method of claim 66, wherein the cells in step (a) and step (b) are neural 
progenitor cells of a spinal caudal character, and wherein the cells in step (a) differentiate into 
repositioned neural progenitor cells or motor neurons. 

69. The method of claim 68, wherein the repositioned neural progenitor cells are 
repositioned neural progenitor cells of a ventral character. 

70. The method of claim 68, wherein the repositioned neural progenitor cells are 
neural progenitor cells of ventral interneurons or neural progenitor cells of motor neurons. 

7 1 . The method of claim 68, wherein the motor neurons are spinal motor neurons. 

72. The method of claim 68, wherein the neural progenitor cells in step (a) and 
step (b) are generated from embryonic stem cells. 

73. The method of claim 66, wherein the cells in step (a) differentiate into 
repositioned neural progenitor cells or fully-differentiated neural cells. 

74. The method of claim 73, wherein the fully-differentiated neural cells are motor 
neurons. 

75. The method of claim 66, wherein the candidate modulator enhances neural 
differentiation. 

76. The method of claim 66, wherein the activator of a Hh signalling pathway is 
selected from the group consisting of BMP2, BMP4, DHh, EN1 (engrailed), HIP, HNF3B 
(forkhead box A2), IHh, PTCH1 (patched 1), PTCH2 (patched 2), SHh, WNT1, WNT2, 
WSB1, and any analogue or homologue thereof. 

77. A method for identifying a modulator of neural differentiation, comprising the 
steps of: 

(a) obtaining or generating a first collection of cells selected from the group 
consisting of embryonic stem cells, embryoid bodies, and neural progenitor cells; 
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(b) obtaining or generating a second collection of cells selected from the same 
group as the cells selected in step (a); 

(c) contacting the first collection of cells with a candidate modulator, in the 
presence of an activator of a Hh signalling pathway; 

5 (d) contacting the second collection of cells with an activator of a Hh signalling 

pathway; and 

(e) determining if the candidate modulator in step (b) modulates neural 
differentiation by comparing neural differentiation of the cells in step (b) with neural 
differentiation of the cells in step (c). 

10 

78. A method for identifying a modulator of Hh-dependent neural differentiation, 
comprising the steps of: 

(a) obtaining or generating a collection of cells selected from the group consisting 
of embryonic stem cells, embryoid bodies, and neural progenitor cells; 
15 (b) contacting the collection of cells with a candidate modulator; and 

(c) determining if the candidate modulator modulates Hh-dependent neural 
differentiation of the cells in the collection. 

79. The method of claim 78, wherein the collection of cells in step (b) is further 
20 contacted with the candidate modulator in the presence of an activator of a Hh signalling 

pathway. 

80. A modulator identified by any of the methods of claims 43, 51, 52, 54, 63, 64, 
66, 77, and 78 

25 



30 



